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Overview
Myelofibrosis (MF), polycythemia vera (PV), and essential thrombocythemia (ET) are collectively known as Philadelphia chromosome-negative myeloproliferative neoplasms (MPNs). In the United States, incidence rates are highest for PV and ET.
1,2
The diagnosis and management of patients with MPN has evolved since the identification of "driver" mutations (JAK2, CALR, and MPL mutations), and the development of targeted therapies has resulted in significant improvements in disease-related symptoms and quality of life. 3, 4 However, certain aspects of clinical management regarding the diagnosis, assessment of symptom burden, and selection of appropriate symptom-directed therapies continue to present challenges for hematologists and oncologists. 5 The NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines) for MPNs provide recommendations for the diagnostic workup, risk stratification, treatment, and supportive care strategies for disease management in adults. These NCCN Guide-NCCN Guidelines Insights CE lines Insights discuss the recommendations outlined in the NCCN Guidelines for the risk stratification, treatment, and special considerations for the management of PV and ET.
Risk Stratification
Retrospective studies have shown that leukocytosis at diagnosis is associated with a higher risk of thrombosis and major hemorrhage in patients with PV and ET. [6] [7] [8] [9] [10] Data from some studies suggest that the prognostic significance of leukocytosis for the risk of recurrent thrombosis may be significant only in patients aged <60 years, 11, 12 and other studies have reported that leukocytosis at diagnosis is not associated with the risk of subsequent thrombosis. 13 Thrombocytosis (platelet count >1,000 x 10 9 /L) has been associated with an immediate risk of major hemorrhage but not with the risk of thrombosis in patients with ET. 10 In fact, some studies have reported that elevated platelet counts at diagnosis (>1,000 x 10 9 /L) is associated with a significantly lower rate of thrombosis, and this association was significant even in patients with JAK2-mutated ET. 8, 9 The potential benefit of initiation of cytoreductive therapy based on elevated blood counts (leukocytosis or thrombocytosis) at diagnosis has not been evaluated in prospective studies.
Polycythemia Vera
Advanced age (ie, >60 years) and history of thrombosis are the most consistent risk factors associated with risk of thrombosis.
14 In a cohort of 1,638 patients with PV screened for inclusion in the ECLAP trial, age >65 years and a previous history of thrombosis were the 2 most important prognostic factors associated with an increasing risk of cardiovascular events, resulting in the identification of 2 different risk groups: low-risk (age <60 years and no prior history of thrombosis) and high-risk (age >60 years and/ or prior history of thrombosis). A prognostic model incorporating leukocytosis at the time of diagnosis in addition to age has also been developed to stratify patients into 3 risk groups with different survival outcomes. 15 However, this model has not been validated in prospective clinical trials.
Essential Thrombocythemia
In an analysis of 867 patients with ET, age ≥60 years, leukocyte count ≥11 x 10 9 /L, and prior thrombosis were significantly associated with inferior survival. 16 Based on these findings, the International Prognostic Score for ET (IPSET) was developed to stratify patients at time of diagnosis into 3 risk categories: low risk, intermediate risk, and high risk. In a subsequent analysis of 891 patients with ET, age >60 years, history of thrombosis, cardiovascular risk factors, and presence of JAK2 V617F mutation retained their prognostic significance regarding thrombosis risk in multivariable analysis. 17 Thus, a modified prognostic model (IPSET-Thrombosis), including cardiovascular risk factors and presence of JAK2 V617F mutation status as additional risk factors, was developed to stratify patients into the same 3 groups with significantly different thrombosis-free survival: 87% after 15 years of follow-up for low-risk patients and 50% after 7-year follow-up for high-risk patients. 17 In the intermediate-risk group, the thrombosis-free survival rate for the first 10 years was closer to that of the low-risk group and then progressively reached the high-risk survival rate in the subsequent 5 years.
Further analysis of IPSET-Thrombosis showed that among the low-risk patients, the risk of thrombosis was significantly lower in patients with JAK2-negative/unmutated ET in the absence of cardiovascular risk factors compared with those with JAK2-unmutated ET in the presence of those risk factors (0.44% vs 1.05%, respectively). 18 The risk of thrombosis in the presence of JAK2 mutation without cardiovascular risk factors and in the presence of both JAK2 mutation and cardiovascular risk factors was 1.59% and 2.57%, respectively. These findings led to the development of the revised IPSETThrombosis that stratifies patients into 4 different risk groups: very low risk (age ≤60 years, no prior history of thrombosis, and no JAK2 mutation), low risk (age ≤60 years, no prior history of thrombosis, and JAK2 mutation), intermediate risk (age >60 years, no prior history of thrombosis, and no JAK2 mutation), and high risk (prior history of thrombosis and/ or age >60 years with JAK2 mutation). The revised IPSET-Thrombosis has also been validated in an independent cohort of 585 patients. 18, 19 CALR mutation status, however, did not have a significant impact on the IPSET-Thrombosis prognostic score for predicting the risk of thrombosis. 20 
Post-ET MF
Treatment Options Antiplatelet Therapy
The safety and efficacy of low-dose aspirin for the prevention of thrombotic complications in PV was established in a multicenter trial of patients with no contraindication to aspirin therapy and no history of a thrombotic event (ECLAP study; 518 patients). 21 Use of aspirin resulted in a significant reduction (60%) of combined risk of nonfatal myocardial infarction, nonfatal stroke, pulmonary embolism, major venous thrombosis, or death from cardiovascular causes (P=.03), and the incidence of major bleeding was not significantly increased. The role of maintaining the hematocrit level of <45% in patients receiving treatment was established in the CYTO-PV study. 22 In this randomized study of 365 patients with PV treated with phlebotomy and/or hydroxyurea, the hematocrit target of <45% resulted in a significantly lower rate of cardiovascular death and major thrombotic events (primary end point) than a hematocrit target of 45% to 50%. 22 After a median follow-up of 31 months, death from cardiovascular causes or major thrombotic events was recorded in 2.7% of patients (5 of 182) with a hematocrit level of <45% compared with 9.8% (18 of 183) of those with a hematocrit level of 45% to 50% (P=.007). 
Cytoreductive Therapy
Hydroxyurea, [22] [23] [24] interferon alfa, [25] [26] [27] and peginterferon alfa [28] [29] [30] have been shown to be effective for the prevention of thrombotic complications in patients with PV.
In a nonrandomized study of 51 patients with PV, the use of hydroxyurea along with phlebotomy as needed significantly reduced the risk of thrombosis compared with a historical control of patients treated with phlebotomy alone. 23 Long-term follow-up of this study (after a median follow-up of 8.6 years) showed that prolonged use of hydroxyurea was associated with leukemic transformations (5.9% vs 1.5% for phlebotomy). 31 However, an analysis from the ECLAP study identified older age and the use of other alkylating agents (eg, P32, busulphan, pipobroman), but not hydroxyurea alone, as independent risk factors for leukemic transformation. 32 In the randomized trial that compared hydroxyurea and pipobroman as first-line therapy in 285 patients with PV aged <65 years, at a median follow-up of 15 years the cumulative incidence of leukemic transformation was significantly higher with pipobroman than with hydroxyurea (34.0% and 16.5%, respectively). 24 In a randomized, prospective, observational study that included 136 patients with JAK2-mutated PV, interferon alfa-2b resulted in greater molecular response (54.7% vs 19.4%; P<.01) and 5-year profession-free survival (PFS) rates (66.3% vs 46.7%; P<.01) than hydroxyurea. 27 A more recent phase II trial that included 43 patients with PV, peginterferon alfa-2a resulted in a complete hematologic response (CHR) rate of 76% and a complete molecular response (CMR) rate of 18% after a median followup of 42 months. 30 The presence of TET2, ASXL1, EZH2, DNMT3A, and IDH1/2 mutations was associated with failure to achieve CMR.
Hydroxyurea, [33] [34] [35] interferon alfa, 25, 27, 36, 37 and peginterferon alfa, 28, 30, 38 and possibly anagrelide, 34, 35 have been shown to be effective for the prevention NCCN Guidelines Insights of venous thrombotic complications in patients with high-risk ET. In a randomized study of 809 patients with highrisk ET, hydroxyurea plus low-dose aspirin was superior to anagrelide plus low-dose aspirin. After a median follow-up of 39 months, long-term control of platelet counts was equivalent in both groups and anagrelide plus aspirin was better in the prevention of venous thrombosis (P=.006). 34 However, the incidences of arterial thrombosis (P=.004), serious hemorrhage (P=.008), and transformation to MF (P=.01) were higher with anagrelide plus aspirin. In addition, the treatment discontinuation rate was also significantly higher with anagrelide plus aspirin. The diagnosis of ET in this trial was based on the Polycythemia Vera Study Group criteria. A more recent phase III randomized study showed that anagrelide was not inferior to hydroxyurea as first-line therapy for the prevention of thrombotic complications in patients with high-risk ET diagnosed according to the WHO criteria. 35 In this study, 259 patients were randomized to either hydroxyurea (n=122) or anagrelide (n=137). After a total observation time of 730 patient-years, no significant difference was seen between anagrelide and hydroxyurea in the incidences of arterial or venous thrombotic events, severe bleeding, or rates of discontinuation. Interferon alfa-2b has been shown to be effective for patients with JAK2-mutated and CALRmutated ET. 27, 37 In a randomized, prospective, observational study that included 123 patients with ET, the 5-year PFS rate was 75.9% for those with JAK2-mutated ET compared with 47.6% for those without JAK2 mutation (P<.05). 27 In another study of 31 patients, interferon alfa induced high rates of hematologic and molecular responses in CALRmutated ET. However, the presence of additional mutations (TET2, ASXL1, IDH2, and TP53) was associated with poorer molecular response. 37 In a phase II trial that included 40 patients with ET, peginterferon alfa-2a induced a CHR rate of 77% and a CMR rate of 17% after a median follow-up of 42 NCCN Guidelines Insights 4 If any of the following factors are present then the pregnancy should be considered at high risk: • Previous microcirculatory disturbances or presence of two or more hereditary thrombophilic factors.
• Severe complications in a previous pregnancy (≥3 first trimester losses or ≥1 second or third trimester pregnancy loss, birth weight <5th percentile for gestation, intrauterine death or stillbirth, stillbirth and pre-eclamsia necessitating preterm delivery <37 weeks, or development of any such complication in the index pregnancy).
• Age >35 years • Platelet count ˃1000 x 10 9 /l.
MPN-G 2 OF 2
Version 2.2018 © National Comprehensive Cancer Network, Inc. 2017, All rights reserved. The NCCN Guidelines ® and this illustration may not be reproduced in any form without the express written permission of NCCN ® .
months. 30 The presence of TET2, ASXL1, EZH2, DNMT3A, and IDH1/2 mutations was associated with failure to achieve CMR.
Ongoing randomized clinical trials are evaluating hydroxyurea versus peginterferon alfa-2a or ropeginterferon alfa-2b as initial treatment for high-risk PV and ET.
39,40
Ruxolitinib
In a phase III randomized trial (RESPONSE), 222 phlebotomy-dependent patients with PV and splenomegaly with an inadequate response to or were intolerant of hydroxyurea were randomized to receive ruxolitinib (110 patients) or best available therapy (112 patients). 41 The primary end point was hematocrit control without phlebotomy and at least a 35% reduction in spleen volume (as assessed by imaging) by 32 weeks. Patients randomized to best available therapy were eligible to crossover to ruxolitinib after 32 weeks if the primary end point was not met or if there were signs of disease progression.
After 32 weeks, hematocrit control was achieved in 60% of patients treated with ruxolitinib compared with 20% of those receiving best available therapy. A reduction in spleen volume (≥35%), CHR, and at least a 50% reduction in symptom burden were achieved in 38%, 24%, and 49% of patients, respectively, in the ruxolitinib group and in 1%, 9%, and 5% of patients, respectively, in the best available therapy group. The incidences of grade 3/4 anemia and herpes zoster infection were higher among patients treated with ruxolitinib (occurring in 2% and 6%, respectively, vs 0% treated with best available therapy). The 80-week follow-up data confirmed the long-term efficacy of ruxolitinib, and the probability of maintaining complete hematologic remission for ≥80 weeks was 69%. 42 Ruxolitinib was also associated with a lower rate of thromboembolic events (1.8% and 4.1%, respectively, for patients originally randomized to ruxolitinib and for those receiving ruxolitinib after crossover vs 8.2% for best available therapy). 
Treatment Recommendations Based on Risk Stratification
Treatment options should be individualized based on age and history of thrombosis for patients with PV. 14 The revised IPSET-Thrombosis is preferred for risk stratification of patients with ET. 18, 19 Referral to specialized centers with expertise in the management of MPNs is strongly recommended for all patients diagnosed with PV or ET.
Polycythemia Vera
Low-Risk Disease: Aspirin (81-100 mg/d) and phlebotomy (to maintain a hematocrit level of <45%) are recommended for all patients with low-risk PV (see PV-1; page 1195). 21, 22 Cytoreductive therapy is not recommended as initial treatment. In the CYTO-PV study, the hematocrit target was the same in both men and women. No thrombotic event was observed in the 66 women with a hematocrit level of <45% compared with 9 events reported in the 72 women with a hematocrit target of 45% to 50%. 22 However, normal hematocrit levels vary in men (42%-54%) and women (38%-46%). Although the target hematocrit level of <45% may be adequate for most patients, there may be situations in which a lower hematocrit cutoff may be appropriate, and therefore it should be individualized (eg, 42% for women and/ or for patients with progressive or residual vascular symptoms).
High-Risk Disease:
In addition to aspirin and phlebotomy, cytoreductive therapy is also used to reduce the risk of thrombotic complications for patients with high-risk PV (see PV-2; page 1196). Cytoreductive therapy (hydroxyurea) with aspirin (81-100 mg/d) for vascular symptoms and phlebotomy (to maintain a hematocrit level of <45%) is recommended as initial treatment. Interferon alfa-2b, peginterferon alfa2a, or peginterferon alfa-2b could be considered for younger patients, pregnant patients requiring cytore-NCCN Guidelines Insights CE ductive therapy, or patients requiring cytoreductive therapy who defer hydroxyurea.
Essential Thrombocythemia
Very Low-Risk, Low-Risk, or Intermediate-Risk Disease: The efficacy of low-dose aspirin for the prevention of thrombosis in patients with ET has not been evaluated in randomized clinical trials (see ET-1 and ET-2, pages 1197 and 1198, respectively). The results of a recent systematic review suggest that the risks and benefit of antiplatelet therapy in patients with ET remains highly uncertain. 43 The data supporting the use of aspirin in patients with ET are based on the extrapolation of results from the ECLAP study that evaluated the efficacy of aspirin in patients with PV. 21, 22 Results from one retrospective analysis suggest that aspirin may be effective for preventing thrombosis in patients with low-risk JAK2-mutated ET and in those with cardiovascular risk factors. 44 In a more recent retrospective analysis, the use of lowdose aspirin did not affect the risk of thrombosis but was associated with a higher incidence of bleeding in patients with CALR-mutated ET. 45 These findings must be confirmed in prospective clinical trials. Therefore, the panel felt that there is not enough evidence to recommend withholding aspirin for patients with CALR-mutated ET.
Observation is appropriate for patients with very low-risk or low-risk ET. Aspirin (81-100 mg/d) could be considered to reduce the risk of thrombotic complications for patients with very low-risk, low-risk, or intermediate-risk ET. Aspirin should be used with caution in patients with acquired von Willebrand disease (VWD) who have an increased risk of bleeding. In carefully selected patients, twice-daily aspirin at a 100 mg dose has been found to be superior to once-daily aspirin (100 mg), a finding that is yet to be confirmed in randomized controlled studies. 46 The risk and benefits of higherdose aspirin must be weighed based on the presence of vasomotor symptoms and the risk of bleeding; it may be appropriate in carefully selected patients, as clinically indicated.
High-Risk Disease:
Cytoreductive therapy (hydroxyurea or anagrelide) with aspirin (81-100 mg/d) is recommended as initial treatment. Interferon alfa2b, peginterferon alfa-2a, or peginterferon alfa-2b could be considered for younger patients, pregnant patients requiring cytoreductive therapy, or patients requiring cytoreductive therapy that defer hydroxyurea (see ET-3; page 1199).
Monitoring Response and Follow-Up Therapy
Monitoring for new thrombosis, acquired VWD, and/ or disease-related major bleeding (in patients with ET) and management of cardiovascular risk factors are recommended for all patients. After initiation of low-dose aspirin (and phlebotomy for patients with PV), the guidelines recommend monitoring symptom status using the MPN Symptom Assessment Form Total Symptom Score (MPN-SAF TSS), evaluating for signs and symptoms of disease progression every 3 to 6 months, and assessing for potential indications for cytoreductive therapy. Bone marrow aspirate and biopsy should be performed as clinically indicated (if supported by increased symptoms and signs of progression).
The development of new thrombosis or diseaserelated major bleeding, frequent or persistent need for phlebotomy, symptomatic or progressive splenomegaly, symptomatic thrombocytosis, progressive leukocytosis, or progressive disease-related symptoms are considered potential indications for cytoreductive therapy. In one recent retrospective study, the need for ≥3 phlebotomies per year was associated with a significantly higher rate of thrombosis in patients with PV treated with hydroxyurea (20.5% at 3 years vs 5.3% at 3 years for those receiving ≤2 phlebotomies per year; P<.0001). 47 However, these findings could not be confirmed by other investigators. 48, 49 The development of cytopenia (one of the European LeukemiaNet [ELN]-defined criteria for resistance or intolerance to hydroxyurea) at the lowest dose of hydroxyurea is an adverse prognostic factor associated with higher risk of death and transformation to AML. 50, 51 Patients with high-risk PV or ET treated with cytoreductive therapy as initial treatment should also be monitored for intolerance or resistance to hydroxyurea (see MPN-H; page 1202). 52 The International Working Group-Myeloproliferative Neoplasms Research and Treatment (IWG-MRT) and ELN have published treatment response criteria for PV and ET. 53 The NCCN Guidelines Panel acknowledges that these response criteria were developed mainly for use in clinical trials and that clinical benefit may not reach the threshold of the IWG-MRT and ELN response criteria. Response criteria are not defined for patients treated with lowdose aspirin. Available evidence from retrospective studies that have evaluated these response criteria in patients with PV and ET treated with cytoreductive therapy suggests that achievement of complete response as outlined in the response criteria did not correlate with a lower incidence of thrombosis or improvement in thrombosis-free survival. 50, [54] [55] [56] In selected patients with a severe thrombotic event, normalization of blood counts might be an essential goal of treatment. Although normalization of blood counts after initiation of treatment is usually performed in clinical practice, it is not associated with long-term clinical benefit and there are no evidencebased data to recommend a target WBC or platelet count for patients receiving cytoreductive therapy. Response assessment should be performed based on the improvement of disease-related symptoms at the discretion of the clinician, and target WBC or platelet counts should be individualized to prevent new thrombosis or bleeding in each patient depending on the presence of risk factors.
Continuation of prior treatment is recommended for both asymptomatic patients (low-risk PV and very low-risk, low-risk, or intermediate-risk-ET) with no potential indications for cytoreductive therapy and patients with high-risk PV or ET with adequate response to initial cytoreductive therapy. Initiation of cytoreductive therapy is recommended for symptomatic patients with potential indications for cytoreductive therapy.
Ruxolitinib is FDA-approved for the treatment of patients with PV who have had an inadequate response to or are intolerant of hydroxyurea. Switching to ruxolitinib (for patients with PV) or alternate cytoreductive therapy (not used before) is recommended for patients with intolerance or disease that is resistant to hydroxyurea or interferon. Busulfan has also been effective in the treatment of PV and ET that is refractory to hydroxyurea, resulting in a CHR rate of 83% and a partial molecular response rate of 33%. 57 However, it is also associated with a significant rate of transformation to AML, and the sequential use of busulphan and hydroxyurea has also been reported to significantly increase the risk of second malignancies. 57, 58 Therefore, the panel does not recommend the use of busulfan as a treatment option.
Special Considerations
Management of Thrombosis and Bleeding
No evidence-based data exist to guide the selection or appropriate duration of anticoagulation therapy with or without antiplatelet therapy in patients with PV or ET. It is essential to rule out other potential causes of bleeding and treat any coexisting causes as necessary. Specific recommendations for the management of thrombosis, bleeding, and the use of anticoagulant therapy in patients undergoing surgery are outlined (see MPN-G; pages 1200 and 1201).
Surgery
The thrombotic and bleeding risk should be strongly considered before elective surgery because patients with PV and ET are at higher risk for bleeding despite optimal management. In a retrospective analysis that evaluated postsurgical outcomes in patients with PV (n=105) and ET (n=150), although most patients (74.0%) were treated with cytoreductive therapy and phlebotomy before surgery and antithrombotic prophylaxis, a significant proportion of surgeries was complicated by vascular occlusion (7.7%) or major hemorrhage (7.3%). Arterial thrombotic events were more frequent in patients with ET (5.3% vs 1.5%; P=.08) and venous thrombotic events were more frequent in those with PV (7.7% vs 1.1%; P=.002). 59 Multidisciplinary management with careful review of bleeding and thrombosis history is recommended before surgery for all patients.
Pregnancy
Pregnancy is considered a high-risk clinical situation in patients with PV and ET. 60 The presence of JAK2 V617F mutation is as an adverse prognostic factor for pregnancy outcome, and pregnancy complications are associated with a higher risk of subsequent thrombotic events in patients with ET. [61] [62] [63] [64] Use of aspirin has been reported to be effective in reducing pregnancy complications, especially in patients with JAK2-mutated ET. 65, 66 Aggressive intervention for the control of hematocrit, the use of aspirin, and low-molecular-weight heparin were associated with a significantly better pregnancy outcome in patients with PV. 67 Results of a recent UK prospective cohort study (58 women with MPN; 47 with ET) suggest that maternal MPN is associated with higher incidences of maternal complications, preterm delivery, and small-for-gestational-age infants compared with the general population. 68 Preeclampsia was the most common antenatal complication reported in 9% of women, and 22% of neonates were below the 10th percentile for growth.
Evaluation by a high-risk obstetrician should be considered before conception, and consultation with a high-risk obstetrician and an obstetric anesthesiologist is recommended regarding the optimal timing for discontinuation of anticoagulant therapy in preparation for an epidural before delivery. Specific recommendations for the use of anticoagulant therapy during pregnancy are outlined on MPN-G, 2 of 2 (page 1201). Interferons (interferon alfa-2b, peginterferon alfa-2a, and peginterferon alfa-2b) should be considered if cytoreductive therapy is necessary. 62, 69, 70 Hydroxyurea is excreted in breastmilk and should be avoided in women who are breastfeeding. Patients on hydroxyurea before pregnancy should be switched to interferons.
Summary
PV and ET are characterized by significant thrombotic and hemorrhagic complications. The goal of treatment is to reduce the risk of developing thrombohemorrhagic complications. Use of cytoreductive therapy is based on the risk status determined by patient age, history of thrombosis, and JAK2 V617F mutational status (in patients with ET). Regular monitoring of disease-related symptoms, assessment of need for cytoreductive therapy, and appropriate evaluation to rule out disease progression should be an integral part of management for patients with PV and ET.
